Background: Inappropriate use of antibiotics has caused antimicrobial resistance, presenting a major health challenge to the world population. Self-medication with antibiotics (SMA) is currently at an alarming level in China. Objectives: To determine the sources of antibiotics leftover at home, the risk factors of keeping antibiotics at home, and the associations between keeping antibiotics at home and SMA among Chinese university students. Methods: Six provinces were purposely selected from six regions of China, and one multi-disciplinary university was selected from each chosen province. A total of 11,192 university students were selected using cluster random sampling from the selected universities. Logistic regression was conducted to examine the relationship between keeping antibiotics at home and SMA. Results: Out of the 11,192 students surveyed, 7057 (63.1%) reported keeping antibiotics at home at the time they were surveyed. Of those who kept antibiotics in their home, 1965 (27.8%) reported that these antibiotics were left over from a previous prescription by a doctor and 4893 (69.3%), purchased antibiotics over the counter. Additionally, 29.6% (507/1711) of students self-medicated with antibiotics when ill during the month before the survey. Students keeping antibiotics at home were five times (95% CI 3.53, 7.05) more likely to engage in SMA when ill and 2.6 times (95% CI 2.34, 2.89) more likely to self-medicating with antibiotics for prophylaxis than the other students. Female students, those with a family background of higher education, and those who had a parent working in the medical field had a significantly higher chance of keeping antibiotics at home. Conclusions: The high prevalence of keeping antibiotics at home and SMA among young adults is a serious concern. Professional regulations and population-tailored health education are needed.
Introduction
Antimicrobial resistance (AMR) is a major health challenge in the world [1] . Antibiotics, one of the most important modern medical achievements, are becoming less effective due to inappropriate use. Bacteria are gradually becoming resistant to antibiotics and resistant bacteria have spread worldwide, antibiotic use [34] . University students with various backgrounds are opinion leaders and represent future stakeholders of AMR. By studying them, the present study aims to (1) determine the proportion of the sources of antibiotics leftover at home in China; (2) examine the risk factors of keeping antibiotics at home; and (3) explore the association between keeping antibiotics at home and SMA.
Materials and Methods

Participants
Data for this study came from a large cross-sectional survey conducted among university students in China between September and November 2015. Geographically, China has six regions: north, east, northeast, northwest, central-south, and southwest [35] . One province was purposely selected from each region, and one multi-disciplinary university was selected from each chosen province. These include Nankai, Zhejiang, Jilin, Lanzhou, Wuhan, and Guizhou Universities.
Measures
A self-administered questionnaire was utilized, with questions including whether the respondents (i) self-treated with antibiotics without advice from a doctor, nurse, or dentist when ill in the past month; (ii) self-medicating with antibiotics for prophylaxis without advice from a doctor, nurse, or dentist in the past year; (iii) possessed leftover antibiotics (not for current use) in their home at the time of the survey, and if so what the sources of the leftover antibiotics were. Additionally, questions regarding the details of the antibiotic use-such as the names of the medicine and symptoms or diseases-as well as questions regarding the demographic characteristics of the respondents were included. The questionnaire was initially validated through qualitative interviews of 15 university students, followed by a test-retest of 200 participants.
Data Collection
An electronic questionnaire was developed using Wen Juan Xing (Chinese Survey Monkey), an online service that provides professional, user-friendly online questionnaire design and data collection [36] . We used the cluster random sampling method to conduct the survey. A total of 1800 students were selected and targeted to cover disciplines in the sciences, the social sciences/humanities, and in medicine from each university. Classes were randomly selected according to the academic calendar on the main campus and all students in the selected classes were asked to fill out the questionnaire. Three investigators obtained permissions from the class instructors at each university (with none refusing), explained the purpose of the survey, and explained the procedures to fill out the electronic questionnaires to the students before class began. The investigators then disseminated the printed quick response code of the electronic questionnaire and completion of the questionnaire took just a few minutes. The first section of the questionnaire consisted of an information sheet and consent form to be signed by the participants. It was clearly explained that participation was voluntary and over 95% of the students in the selected classes completed the questionnaire. A gratuity of RMB 3 yuan ($0.50 USD) was paid via smartphone to all students who completed the questionnaire. The study was reviewed by the Institutional Review Board of School of Public Health, Zhejiang University (no. ZGL20160922).
Statistical Analysis
Descriptive analyses, expressed as weighted frequencies and percentages, were performed. A logistic regression model (Model 1) was used to determine factors associated with keeping antibiotics at home (Yes/No), SMA when ill (Yes/No), and self-medicating with antibiotics for prophylaxis (Yes/No). In Model 2, we divided keeping antibiotics at home into four groups according to the leftover sources (group 1 = no; group 2 = yes, previously prescribed by doctors; group 3 = yes, previously purchased from pharmacies; group 4 = yes, from other sources). The significance level (type 1 error rate) is set at 0.05. SPSS 22.0 (SPSS Inc., Chicago, IL, USA) was used for the statistical analysis.
Results
Descriptive Statistics of the Sample
A total of 11,192 respondents completed the questionnaire. A total of 267 questionnaires (2.4%) were discarded because of non-completion of key variables (behavioral variables). Table 1 presents the demographic characteristics of the sample. Female respondents accounted for 50.7%, undergraduates for 79.4%, and medical students for 16.3%. Respondents had an average age of 20.7 years. Students from rural areas accounted for 44% of respondents, 30.5% had a household income of less than 3000 RMB yuan ($461 USD), and 52% had a household income of 3000-10,000 RMB yuan ($462-$1538 USD). It was also observed that 8.7% of the respondents had at least one parent with a medical background. Table 1 displays the reported behaviors regarding keeping antibiotics at home at the time of the survey, SMA when ill in the preceding month, and self-medicating with antibiotics for prophylaxis in the preceding year. Out of 11,192 respondents, 7057 (63.1%) had kept antibiotics at home; 1965 (27.8%) reported that these antibiotics were leftovers from a previous prescription by a doctor; 4893 (69.3%), that they were purchased over the counter; and 125 (1.8%) were given to the respondent by others. In the month before the survey, 3337 students reported illness, with the main symptoms including cold (76.1%), sore throat (46.9%), and fever (20.3%). Among respondents reporting such an illness, 1711 (51.3%) were self-treated, of which 507 (29.6%) were self-treated with antibiotics when ill. In the year prior to the survey, 2572 (23%) students reported self-medicating with antibiotics for prophylaxis. 1 Among the full sample size, 7057 students had kept antibiotics at home. Percentages may not add up to 100% due to rounding.
Factors Associated with Keeping Antibiotics at Home
In adjusted models (Table 2) , female students (aOR = 1.47, 95% CI 1.35-1.59) and those who had at least one parent with higher education (aOR = 1.27, 95% CI 1.09-1.47; aOR = 1.54, 95% CI 1.32-1.81; aOR = 1.79, 95% CI 1.51-2.13 respectively) were associated with greater odds of keeping antibiotics at home. Those having parents with a medical background were also strongly associated with a greater likelihood of antibiotic storage (aOR = 1.56, 95% CI 1.33-1.84). Students from Wuhan university were significantly less likely to keep antibiotics at home than those from Zhejiang university (aOR = 0.83, 95% CI 0.72-0.96), indicating a regional difference. 
The Association between Keeping Antibiotics at Home and SMA When Ill
Among students who self-medicated with antibiotics when ill in the preceding month (n = 1711), model 1 (Table 3) shows that students from urban areas had lower odds of SMA (aOR = 0.66, 95% CI 0.49-0.88). Respondents from Lanzhou, Jilin, Nankai, and Guizhou Universities were more likely to use antibiotics for self-treatment (aOR = 2.31, 2.94, 2.29, 1.47, and 2.19 respectively, p-values < 0.001) compared with students from Zhejiang University. Students keeping antibiotics were about five times (95% CI 3.53-7.05) more likely to engage in SMA compared with those who did not. Model 2 shows that students having antibiotics leftover that were previously prescribed by doctors and that were purchased from pharmacies were about four times (aOR = 4.03, 95% CI 2.68-6.07) and five times (aOR = 5.29, 95% CI 3.72-7.53) more likely to engage in SMA, respectively. 
The Association between Keeping Antibiotics at Home and Self-Medicating with Antibiotics for Prophylaxis
Among the full sample (Table 4) , model 1 shows that students having parents with a medical background had 47% greater odds of self-medicating with antibiotics for prophylaxis than those whose parents did not have a medical background. A significant inverse relationship between being a medical student and self-medicating with antibiotics for prophylaxis was also found (aOR = 0.52, 95% CI 0.44-0.60). Being from an urban area was a significant predictor of having lower odds of self-medicating with antibiotics for prophylaxis (aOR = 0.80, 95% CI 0.71-0.90). Respondents from Lanzhou, Jilin, and Guizhou Universities were more likely to self-medicating with antibiotics for prophylaxis (aORs = 1.87, 1.99, and 2.18 respectively, p-values < 0.001). Students who had leftover antibiotics at home were 2.6 (95% CI 2.34-2.89) times more likely to self-medicating with antibiotics for prophylaxis compared with those who did not. Model 2 shows that students having antibiotics left over previously prescribed by doctors, and those having antibiotics left over previously purchased from pharmacies were more likely to SMA (aOR = 2.55, 95% CI 2.22-2.92; and aOR = 2.62, 95% CI 2.34-2.93, respectively). 
Discussion
To our knowledge, this is the first nationwide study to investigate antibiotics left over at home and the association between keeping antibiotics at home and SMA in China. In addition, this is the first study to examine the association between keeping antibiotics at home and self-medicating with antibiotics for prophylaxis. In our previous study, we have identified that SMA when ill and self-medicating with antibiotics for prophylaxis contributed to antibiotic misuse as much as doctor's prescriptions [34] . In the current study, we found that the prevalence of SMA when ill (29.6%) and self-medicating with antibiotics for prophylaxis (23%) were very high among Chinese university students, as was keeping antibiotics at home (63.1%). Keeping antibiotics at home predicted a very high chance of SMA when ill (five times) and self-medicating with antibiotics for prophylaxis (2.6 times). Based on these findings, it is crucial for China to address the massive amount of antibiotics left over at home. This may be accomplished by cutting out sources of leftover antibiotics, recycling leftover antibiotics, and educating the general public to change behaviors regarding keeping antibiotics at home.
Limiting Sources of Leftover Antibiotics
Regarding the sources of leftover antibiotics in China, our studies found they mainly derived from over-the-counter purchases (69.3%) and leftover medications (27.8%) from previous prescriptions.
While the high prevalence of over-the-counter purchases of antibiotics is due to a lack of knowledge in the general public regarding unnecessary antibiotic use in self-limiting disease, the easy access to over-the-counter antibiotics is also central to the situation [37] [38] [39] [40] . Although regulations on prescriptions of antibiotics exist, they are too weak, and the implementation of such policies is generally loose in China. One of the most important cited reasons is the lack of a sufficient workforce among local authorities to monitor and supervise pharmacies [41] . Thus, street-side pharmacies usually fail to be regularly and effectively monitored for their selling practices. Driven by benefits, with no fear of light punishment [42] , and sometimes under the pressure of customers, several drugstores continue selling antibiotics illegally in China [43] [44] [45] . With the fast development of internet and mobile technology, an electronic antibiotics sale system is urgently needed to facilitate the monitoring and supervision of illegal antibiotics sales without prescription in pharmacies. On the demand-side, which is sometimes neglected, the general public has no awareness that purchasing antibiotics at a pharmacy needs a doctor's prescription, which puts pressures on pharmacies to violate the regulations. Greater education on this matter needs to be seen in the future.
Although most over-the-counter purchases of antibiotics originated from antibiotic sales without prescription, antibiotics purchased with a prescription are also of concern [34] . Our findings show that 24.5% (not shown in tables) of antibiotics sold by pharmacies are prescribed by doctors in these pharmacies. Previous studies have identified that some pharmacies hired doctors solely to prescribe antibiotics to avoid being punished [44, 45] . The regulation of the doctors' antibiotic prescription behaviors in pharmacies are currently neglected or beyond the reach of health authorities. Thus, doctors hired by pharmacies should be combined into antibiotic rational prescription regulations by health authorities.
The source of previous prescriptions by doctors also plays an important role in antibiotics left over at home. In China, as is the case in other low-and middle-income countries (LMIC), antibiotics are dispensed in fixed packs instead of in an exact number of tablets, leading to massive amounts of leftover antibiotics from previous prescriptions [25] . Therefore, the antibiotic dispensing system in hospitals needs to be adjusted to replace fixed pack dispensing. Economic incentives for hospitals was a major obstacle to changing the dispensing system before the implementation of the zero-profit drug policy. This policy was implemented in community level health facilities in 2009, and subsequently has been scaled up to all public hospitals in China, making the present an ideal time to reform the antibiotic dispensing system. In addition, patients' noncompliance with prescribed antibiotics also contributes to the problem of leftover antibiotics [29] . Our previous study has shown that over 60.5% of university students did not complete the course and stopped using antibiotics [34] . Interventions focusing on reforming the antibiotic dispensing system in hospitals and educating patients who are taking antibiotics according to the course is a pathway to address the source of leftovers from previous prescriptions.
Healthcare providers not only contribute to leftover antibiotics, but also promote the behaviors of keeping antibiotics and self-treatment with antibiotics in China. Before the health reforms of 2009, more than a quarter of institutional revenue in Chinese hospitals came from selling antibiotics [46] and these financial incentives encouraged doctors to prescribe more antibiotics, even when unnecessary, such as for treating upper respiratory tract viral infections [46] . Although subsequent health reforms have removed the profits of drug sales from the revenue of health facilities, patients have been wrongly educated to use antibiotics for self-limiting illness for over three decades. Many researchers reported that in China, as well as in other developed countries, self-medication with antibiotics was based on previous prescriptions to patients [20, 21] . This led patients to expect the prescription of antibiotics during health seeking procedures and turn to non-prescription antibiotics for self-limiting diseases [47] [48] [49] .
Recycling Leftover Antibiotics
Aside from cutting out the two main sources of leftover antibiotics, spreading appropriate methods for the disposal of leftover antibiotics is of the highest importance. Improper disposal of leftover antibiotics can pollute the environment [50, 51] . The large quantity of leftover antibiotics should be handled in an appropriate manner. China can learn from the experiences of other countries. For example, returning unused antibiotics to the pharmacy is a common practice among Portuguese, Swedish, and Dutch residents [52] [53] [54] . In the United States, the Starfish Project collects unused antibiotics from households by providing free mail labels [55] .
Educating the General Public to Change the Behavior of Keeping Antibiotics at Home
A campaign is needed to discourage the general public from taking leftover antibiotics at home for themselves or family members, and to encourage them to discharge leftover antibiotics responsibly. Tailored interventions can target populations at different socio-demographic characteristics, according to our findings. From our data, gender and family background were significant risk factors for keeping antibiotics at home. Female students and those having at least one parent with higher education were consistently associated with a significantly higher chance of keeping antibiotics at home, both of which support previous studies. Cortez et al. [56] and Ocan et al. [57] reported women as being more likely to keep antibiotics at home, while Awad and colleagues found that higher education levels were associated with a higher possibility of self-medication [16] . We also found that having a parent working in the medical field promoted home antibiotic storing behaviors. Usually, doctors may keep some medicine at home as a contingency for their family, thus influencing their children's behaviors, even after leaving home. Our results also exhibit the potential mediating effect of keeping antibiotics at home and SMA. Future studies need to find whether there is a strong moderating effect between these two factors.
There are several limitations of this study. The cross-sectional study design limited us from drawing causal inference between keeping antibiotics at home and either SMA when ill or self-medicating with antibiotics for prophylaxis. However, our study found significant associations among them and identified several important risk factors for SMA-related behaviors. Future research could further investigate a potential mediating mechanism and explore areas for intervention. Although self-reported data may contain recall bias, our findings were consistent with other research. Also, our target population consisted of university students, who are highly educated and much healthier compared to the general population; inappropriate antibiotic use among the Chinese general population could be more severe. A future study on the Chinese general population's antibiotic use is needed.
Conclusions
The prevalence of keeping antibiotics at home and SMA was found to be high in Chinese university students. Keeping antibiotics at home is significantly associated with SMA when ill and self-medicating with antibiotics for prophylaxis. Prescription only regulations should be strictly implemented to cut the source of leftover antibiotics from over-the-counter sources. Prescribing antibiotics by course, instead of in fixed packs, is proposed to be implemented in hospitals, as to cut the source of previous over-prescription. Attention should also be directed towards conducting tailored health education for targeted populations, aimed at discouraging them from keeping antibiotics at home.
